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Chapter 1: General Introduction 
The main limiting nutrient for aquatic plant growth in fresh water bodies is 
phosphorus (P)  (Djodjic et al., 2004). Therefore, P losses from fields can significantly 
enhance algal growth in surface waters (Djodjic et al., 2004). Depending on the amounts of P 
and other nutrients present, a massive algal bloom could occur.  When these organisms die 
and begin to decay, the oxygen in the water is depleted and other aquatic organisms find it 
impossible to live in these hypoxic conditions (oxygen concentration below 2 mg L-1).  This 
problem is being seen not only in small-scale streams and lakes, but also in areas of larger 
concern.  For example, the hypoxic zone in the Gulf of Mexico is one of the largest eutrophic 
(excess nutrients levels in surface water leading to plant, often algae, overgrowth) areas in 
the world (USGS, 2000).  In the summer of 2002, the hypoxic zone reached 22,000 km2 
(Turner et al., 2006).  This hypoxic zone is caused by excessive nutrients (especially nitrogen 
(N) and P) coming from the Mississippi River and often leads to a dramatic decrease in 
aquatic biodiversity (USGS, 2000; Carpenter et al., 1998).  Many of these nutrients originate 
in the Midwest (Upper Mississippi Valley) where agricultural production (and application of 
nutrients) is an important part of the economy (USGS, 2000). The Midwest must make an 
effort to reduce the amount of nutrients reaching surface water, not only for its own water-
quality preservation, but also for organisms that depend on the water downstream. 
The majority of Iowa waterbody impairments are primarily related to agricultural 
nonpoint-source pollution (IDNR, 2000). According to the Iowa Department of Natural 
Resources (2000), nonpoint-source pollution occurs when rainfall, snow melt or irrigation 
water runs over land or through the vadose zone, incorporates pollutants, and deposits them 
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into surface water and groundwater.  In Iowa, sediment is the most frequently identified 
agricultural pollutant causing water-quality impairment (IDNR, 2000). Sediment losses also 
cause an influx of the nutrient, phosphorus (P). Phosphorus is strongly bound to soil particles 
and can, therefore, be transported into surface water by way of sediment.    
  Both croplands and pasturelands can be nonpoint sources of sediment and P. A study 
recently conducted in Iowa suggested that watersheds with more land in grazing pastures 
have higher sediment and P in surface water than those watersheds devoted to crops 
(Downing et al., 2002). Haan et al. (2006) found grazing management can have a significant 
effect on the concentration of P found in pasture runoff. Soil erosion can also be affected by 
grazing management. Walker and Heitschmidt (1986) found the number and kinds of cattle 
trails may have a dramatic impact on the relative amount of bare soil and, subsequently, on 
the amount of soil erosion. An experiment in Tennessee showed a six-fold increase in 
streambank erosion along uncontrolled grazing sites when compared to sites where 
streambanks were protected with fence from cattle (Trimble, 1994).   
This thesis documents the effectiveness of grazing practices implemented to reduce 
potential sediment and P losses from streambanks.  A study was initiated in which three 
managed grazing systems were established on stream-adjacent pastures in Marshall County, 
Iowa.  Erosion of the streambank was monitored during 2005 and 2006 grazing seasons.   
Soil P in the streambank was measured in order to quantify the amount of P potentially lost 
to the stream.  The results of this study will provide a better understanding of the effects of 
cattle grazing on erosion and phosphorus losses.   
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Thesis Organization 
This thesis consists of four chapters and is organized in a journal manuscript format. 
Chapter 1 is a general introduction of problems associated with nonpoint-source losses of P 
from agricultural production areas.  Chapter 2 is a review of literature that relates to the 
research goals and interests.  Chapter 3 presents the results of a study on grazing 
management effects on potential phosphorus loss from streambanks, which will be submitted 
to a scientific journal. The authors of the journal article include Shelly Nellesen, Graduate 
Student in the Department of Agronomy at Iowa State University, John L. Kovar, co-major 
professor and Soil Scientist at the USDA-ARS National Soil Tilth Laboratory, Michael L. 
Thompson, co-major professor and Professor in the Department of Agronomy of Iowa State 
University, James R. Russell, Professor in the Department of Animal Science of Iowa State 
University, and Mathew M. Haan, Assistant Scientist in the Department of Animal Science 
of Iowa State University.  Chapter 4 is a general conclusion and evaluation of the conclusion 
reached by this research.   
 
 
4
 
Chapter 2:  Literature Review 
  
Degradation of Water Quality through Sediment and P Loss 
 Nonpoint-source pollutants are a primary water quality problem in the United States 
(USEPA, 1996a).  In Iowa, sediment is the most frequently identified agricultural pollutant 
causing the greatest water quality impact (IDNR, 2000). Sediment is the main nonpoint-
source pollutant in Midwestern streams (Zaimes et al., 2004). Sediment itself is detrimental 
to water quality, clarity, and aquatic life, but it is also a major source of phosphorus (P) in 
streams (USGS, 2005).    Phosphorus is reported as being the primary limiting nutrient in 
fresh water bodies so that enrichment of P often leads to excessive growth of algae and other 
aquatic plant species (Djodjic et al., 2004).   
Eutrophication is the most common symptom of impairment of surface water in the 
United States (Carpenter et al., 1998).  This phenomenon is described as a P abundance in the 
water resulting in an overgrowth of aquatic plants, especially algae (Baker, 2001). As algae 
die and decompose, much of the oxygen in water is consumed, resulting in a hypoxic 
environment (Baker, 2001). Many other aquatic organisms cannot survive in a low-oxygen 
environment, and begin to die (Baker, 2001).  
 
Sources of Phosphorus Loss 
  Phosphorus plays an important role in any agricultural system.  However, when P is 
not managed properly, it can easily become a detriment to surface waters.   According to 
Heathwaite and Sharpley (1999), soil P concentration, soil texture and structure, and the 
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soil’s ability to resist erosive forces are important factors to consider when analyzing risk of 
P loss from a system. Along with soil factors, Heathwaite and Sharpley (1999) also mention 
land use, cultivation practices, manure inputs, and livestock grazing density as being sources 
of P within a system. Mismanagement of P sources can result in P being lost to surface water. 
Phosphorus delivered to surface water can occur in dissolved and particulate forms 
(Sharply, 1995).  Dissolved P consists of orthophosphate and soluble organic complexes in 
solution. Particulate P is the P sorbed to soil particles and organic matter (Sharpley, 1995).  
Particulate P can provide a long-term source of P for aquatic life.  Smaller, clay-sized 
materials that are very chemically active may have higher P concentrations than larger soil 
materials that lack comparable chemical activity. Through preferential transport of smaller 
clay-sized material, eroded materials may have a higher P content and reactivity than soil in 
the surrounding landscape (Sharpley, 1995).   
Fertilizer is required for most Great Plains soils in crop production and loss of these 
nutrients may be reduced by management practices (Sharpley, 1995; Carpenter et al., 1998). 
Livestock producers often apply manure to cropland because it is one of the only practical 
ways that producers can utilize the nutrients (Andraski et al., 2003).  Manure concentrated 
from livestock operations often exceeds the capacity of croplands to sequester the nutrients 
(Carpenter et al., 1998).  Excess manure application or fertilization to an area can result in a 
surplus of P in the soil, which can then be transported to a stream (Carpenter et al., 1998).  
Manure applications in the past have been based solely on assumed rates of nitrogen use by 
plants.  Since manure often has a lower ratio of N:P than that required by the crop, P 
accumulates in the soil (Sharpley, 1995).  Optimizing nutrient cycling and reducing 
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environmental impacts can be done by using fertilizer rates based on soil nutrient content and 
crop requirements (Sauer and Meek, 2003).  
Croplands are not the only agricultural lands that are a source of P in surface waters. 
A study done in Iowa showed that watersheds with greater portions of land in grazed pastures 
had higher levels of sediment and P in surface water than those watersheds in cropland 
(Downing et al., 2002.) This finding could be because of many factors.  Oftentimes cattle 
trample streambanks, remove vegetation, and leave more bare soil that is susceptible to 
erosion (McInnis and McIver, 2001). Although streambank erosion is a process that occurs 
naturally in hydrologic systems, anthropogenic disturbances can greatly accelerate channel 
erosion (Wilson, 2003).  The United States Congress officially acknowledged streambank 
erosion as problem in 1974 when it passed The Streambank Erosion Control Evaluation and 
Demonstration Act (Section 32, Public Law 93-251).  Riverbanks can act as primary 
sediment sources contributing over 50% of the sediment found in streams (Lawler et al., 
1999). Aside from the adverse effects that sediment alone can produce, sediment carried by 
streams is a major source of P (USGS, 2005).  The P attached to streambank material is 
immediately delivered to the stream when erosion occurs.  From that point, it is available for 
biological uptake, re-deposition downstream, or transportation out of the system (Wilson, 
2003).   
 
Erosion and Grazing 
The majority of Iowa waterbody impairments are primarily related to agricultural 
nonpoint-source pollution (IDNR, 2000). Nonpoint nutrient flows to surface water can be 
reduced by the presence of riparian vegetation (Carpenter et al., 1998).  This vegetation is 
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along the bank of the stream and can consist of grasses, bushes, trees, or a combination 
thereof.  Riparian areas contribute to the biodiversity of vegetation and wildlife, as well as 
improve fish habitat (Carpenter et al., 1998). These areas act as a roughness element that 
reduces velocity and erosive energy of water as well as acting as a filter for the stream, 
keeping out unwanted sediment and debris (Kauffman and Krueger, 1984).    
Due to the high value of land for crop production in the Midwest, livestock grazing is 
often practiced in narrow riparian areas where cultivation with large equipment may be 
challenging (Isenhart et al., 1997). More than 25% of Midwest land is in pasture. Of these 
pasturelands, 80% suffer from fertility and erosion problems (Undersander et al., 2002)  
 Livestock grazing affects watershed hydrology, stream channel morphology, soils, 
vegetation, wildlife, and water quality at both local and landscape scales (Belsky et al, 1999). 
By implementing grazing management, a large portion of the Midwest could lessen the 
effects that livestock have on streams and the landscape. Grazing management could have a 
significant effect on streambank erosion.  McInnis and McIver (2001) found that grazing 
resulted in a decline of streambank stability, decreased streambank vegetation, and increased 
soil erosion potential.  Overgrazing tends to increase bare soil exposed (USEPA, 1996b) 
because cattle trample streambanks, causing soil instability. Grazing cattle can remove 
protective vegetation, thereby reducing resistance to erosion and loosening the soil (Trimble 
and Mendel, 1995).  In an Oregon study, Kauffman et al. (1983) found that grazed areas had 
significantly greater streambank losses compared to those areas excluded from grazing.  
There was no significant difference between the two treatments during nongrazing periods.  
In a Tennessee study, Trimble (1994) reported that grazing sites had six-fold the amount of 
gross bank erosion compared to stream reaches with exclusion fencing. These studies 
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suggested that excluding cattle from streams and establishing vegetation on streambanks 
lowered erosion rates and lessened sediment loss to the stream.    
Grazing management patterns play a key part in limiting livestock’s role in 
streambank erosion.  Allowed unrestricted access, animals tend to lounge near shaded areas, 
water sources, and feeders (Sauer and Meek, 2003).  These areas also tend to accumulate 
nutrients (Sauer and Meek, 2003).  Phosphorus and other nutrients are concentrated in areas 
of the pasture where fecal matter is left behind by grazing livestock (Dougherty et al., 2004). 
A more uniform return of excreta to the pasture has been observed in pastures grazed by 
rotational stocking management systems (Sauer and Meek, 2003). Besides evenly 
distributing nutrients, producers can often limit livestock’s access to the stream by 
implementing rotational stocking (Undersander and Pillsbury, 1999).  This limited access can 
result in a decrease of potential damage to streambank structure and water quality 
(Undersander and Pillsbury, 1999). An earlier study done on the same research farm as the 
present study, found rotationally stocked pastures grazed to a sward height of 10 cm contain 
similar P concentration in runoff as vegetated pastures with no grazing (Haan, et al., 2006). 
However, lowering the rotational stocking sward height to 5 cm significantly increased P 
concentrations in runoff (Haan et al., 2006). These findings indicate that properly managed 
rotational stocking systems can limit nutrient availability to runoff as well as streambank 
erosion.   
 
Erosion Measurements 
 The extent, magnitude, and rate of soil erosion are often difficult to assess in a 
reliable fashion (Lal, 1994). Rattan Lal (2001) wrote, “The measurement of soil erosion is 
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still more of an art than science.” For years, a lack of standardization of methods and 
techniques, the gross extrapolation of data, and the use of biased criteria has led to an 
uncertainty in the data produced (Lal, 1994). Erosion can be difficult to estimate especially 
when dealing with livestock, the freezing/thawing cycles of the soil, and the dynamic system 
of a meandering stream.     
Erosion pins are frequently used to measure erosion on a short timescale. Wolman 
(1959) first introduced the idea of using them on streambanks (Wolman, (1959) as cited by 
Lawler, 1993).  Their cost effectiveness and capability of measuring small amounts of bank 
retreat make them a widely used method (Lawler, 1993).  This technique is implemented by 
inserting a metal or fiberglass rod into the bank material, so that only a small, known length 
remains above the surface. However, literature on the subject warns that using a rod (or pin) 
of great length may result in the rod acting as a reinforcement of the bank (Lawler et al., 
1999). As the bank erodes, more rod becomes exposed (Lawler, 1993).   The length of rod 
exposed is measured after some pre-determined period of time. These measurements, 
matched with the surface area of the bank being studied, can be used to calculate a volume of 
soil lost or eroded.  However, erosion pins can often become buried or difficult to locate due 
to vegetative growth.  In this instance, no record of measurement can be taken for that 
particular pin (Lawler et al., 1999).  Erosion pins have been used in many streambank 
settings, including grazed lands.  Zaimes et al. (2004) implemented erosion pins on 
streambanks of riparian buffer zones, cropped fields, and grazed pastureland. Pins have also 
been used to quantify erosion rates and spatial variability of bank erosion to better understand 
the role of bank sediment in fluvial sediment transport (Lawler et al., 1999). 
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In recent years, a new technology known as LIDAR (light detection and ranging) has 
been developed, which may significantly improve our ability to measure the volume of 
material lost from the streambanks (Rosser, 2005). LIDAR is a system much like radar.  
However, instead of using radio waves, light waves are used as an active remote sensing 
technique (Dubayah et al., 2000).  The LIDAR instrument measures the period of time it 
takes a light wave to travel between the sensor of the device and a target surface.  This time 
interval is then calculated into a distance between the two objects.  This technique results in a 
very detailed pattern of the surface (Lefsky et al., 2002).  LIDAR has become a useful tool 
for measuring topography, vegetation height, and cover (Lefsky et al., 2002).  
Airborne LIDAR is the most widely used form for large-scale projects and was 
recently implemented to characterize sediment and phosphorus contributions from riverbanks 
of the Blue Earth River watershed in Minnesota (Thoma et al. 2005). Using airborne LIDAR, 
a 56-km section of the river was scanned from a helicopter during a two-year period. These 
data enabled the researchers to quantify a mass of sediment lost from the banks and the 
phosphorus inputs to the river (Thoma et al. 2005).  
Terrestrial LIDAR’s potential cost effectiveness, as well as its high resolution and 
accuracy, has led to an increase in its use in many small-scale projects.  Terrestrial LIDAR 
has been successfully used in England to determine cliff erosion (Rosser et al., 2005). It has 
also been used in Japan to determine structural deformations caused by earthquakes, as well 
as in New Orleans, Louisiana, to obtain precise measurements of soil displacement at each 
levee site in the wake of Hurricane Katrina (Kayen et al., 2005; Kayen et al., 2006; 
Independent Levee Investigation Team, 2006).  At this time, the technique has not been used 
in determining streambank erosion. 
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Chapter 3: Grazing Management Effects on Phosphorus Loss 
from Streambanks 
A paper to be submitted to the Journal of Environmental Quality 
 
Shelly L. Nellesen, John L. Kovar, James R. Russell, and Mathew M. Haan 
 
Abstract 
Agricultural lands are the leading cause of nonpoint-source pollution in the United 
States. Previous studies indicate that grazed lands can have more impact on sediment and 
phosphorus (P) losses to surface waters than cropland or other agricultural lands.  The 
purpose of this research was to determine the effects of different grazing managements on 
streambank erosion and potential P losses. In 2004, three treatments, including rotational 
stocking, continuous stocking with limited stream access, and continuous stocking with full 
stream access were established in six adjacent pastures along Willow Creek at a research 
farm in Marshall County, Iowa. Erosion measurements were taken monthly from May to 
November in 2005 and 2006.  Soil samples were collected, and total P, Mehlich III P, water-
extractable P, and bulk density were analyzed by horizon with the intent of calculating the 
amount of P that potentially entered the stream at this site.  Phosphorus levels did not vary 
significantly among treatments but were higher in the A horizons than in the C horizons.  
Although net erosion treatment differences were found in both years, these differences were 
not consistent and no trend emerged. Erosion/deposition activity was greatest in the 
continuous stocking with unrestricted access (CSU) treatment.  In the four months that there 
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was a significant difference among treatments, the CSU treatment had the highest activity, 
denoting the most bank instability. The CSU treatment also had consistently higher potential 
and water-extractable P losses and movements (flux) than either the rotational stocking (RS) 
or the continuous stocking with restricted stream access (CSR) treatments.  During the 2005 
grazing season, the CSU treatment had a potential P loss of 24.2 g/m2 from the streambanks, 
as well as a flux of 86.3 g/m2 in the system.  In 2006, a much drier year, the CSU treatment 
had a potential P loss of 1.9 g/m2 and a P flux of 41.9 g/m2 from the streambanks. Results 
from this study suggest that grazing management may have an effect on erosion/deposition 
activity, but did not have an effect on streambank erosion.  
Introduction 
 Nonpoint-source pollutants are a primary water-quality problem in the United States 
(USEPA, 1996a).  In Iowa, sediment is the most frequently identified agricultural pollutant 
causing the greatest water-quality impact (IDNR, 2000). Sediment alone is detrimental to 
water quality, clarity, and aquatic life, but it is also a major source of P in streams (USGS, 
2005).  Phosphorus plays an important role in any agricultural system.  However, when P is 
not managed properly, it can easily become a detriment to surface water quality. Phosphorus 
is reported as being the primary limiting nutrient in fresh water bodies, so that enrichment of 
P often leads to excessive growth of algae and other aquatic plant species. (Djodjic et al., 
2004).  As they die and decompose, much of the oxygen in water is consumed, resulting in a 
hypoxic environment (Baker, 2001). Many other aquatic organisms cannot survive in a low-
oxygen environment, and also begin to die, leading to eutrophic conditions (Baker, 2001).  
  Phosphorus loss depends on many factors, including soil characteristics, crop 
management, erosion potential, and amount of runoff (Heathwaite and Sharpley, 1999).  An 
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Iowa study showed that watersheds with greater portions of land in grazed pastures had 
higher sediment and P in surface water than did watersheds in cropland (Downing et al., 
2002.) These differences could be because of many factors. 
Because of the high value of land for crop production in the Midwest, livestock 
grazing is often practiced in narrow riparian areas where cultivation with large equipment 
may be challenging (Isenhart et al., 1997). According to Belsky et al. (1999), livestock 
grazing affects watershed hydrology, stream channel morphology, soils, vegetation, wildlife, 
and water quality at both local and landscape scales. Over 25% of Midwest land is in pasture. 
Of these pasture lands, 80% suffer from fertility and erosion problems (Undersander et al., 
2002).  Grazing management can have a significant effect on streambank erosion.  McInnis 
and McIver (2001) found that grazing resulted in a decline of streambank stability, decreased 
streambank vegetation, and increased soil erosion potential.  Overgrazing tends to increase 
bare soil exposed (USEPA, 1996b) because cattle trample and disturb streambanks. Grazing 
cattle may remove protective vegetation thereby loosening soil and reducing resistance to 
erosion (Trimble and Mendel, 1995).  A study done in Oregon (Kauffman et al., 1983) 
suggested that grazed areas had significantly greater streambank losses than areas excluded 
from grazing.  There was no significant difference between the two treatments during 
nongrazing periods.  Another study done in Tennessee reported that grazing sites along a 
stream had six fold greater amounts of gross bank erosion than reaches with exclusion 
fencing (Trimble, 1994). These studies suggest that excluding cattle from streams and 
establishing vegetation on streambanks decreased erosion rates.  Grazing management 
patterns play a key part in limiting livestock’s role in streambank erosion. 
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 Streambank erosion is a process that occurs naturally in hydrologic systems.  
However, anthropogenic disturbances can greatly accelerate channel erosion (Wilson, 2003). 
Riverbanks can act as primary sediment sources contributing over 50% of the sediment found 
in streams (Lawler et al., 1999). Aside from the adverse effects that sediment alone can 
produce, sediment carried by streams is a major source of P (USGS, 2005).  The P attached 
to streambank material is immediately delivered to the stream when erosion occurs.  In the 
stream, it is available for biological uptake, re-deposition downstream, or transportation out 
of the system (Wilson, 2003).   
Erosion can be difficult to estimate especially as it relates to livestock, the 
freezing/thawing cycle of the soil, and the dynamic system of a meandering stream. To 
provide some estimate of streambank erosion, Wolman (1959) as cited by Lawler (1993) 
introduced the idea of using erosion pins on banks.  Erosion pins have been frequently used 
to measure erosion on a short timescale.  Their cost effectiveness and capability of measuring 
small amounts of bank retreat make them widely used.  This technique is implemented by 
inserting a length of rod into the bank material so that only a small, known amount remains 
above the surface. As the bank erodes, more rod becomes exposed (Lawler, 1993).   These 
measurements matched with the surface area of the bank being studied can provide an 
estimate of the volume of soil lost or eroded. 
In the present study we focus on streambank erosion as a potential source of P 
entering Willow Creek.  The hypothesis was that grazing management had no effect on 
sediment and P loss from streambanks.  The objectives were to quantify the effects of grazing 
management on net erosion, erosion/deposition activity, and potential P loss from 
streambanks.  
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Materials and Methods 
Site Characteristics 
This study was conducted on the Iowa State University Rhodes Research and 
Demonstration Farm (latitude 42˚ 00’,N, longitude 93˚ 25’, W) near the city of Rhodes in 
central Iowa.  Soils at the study site were dominantly Ackmore (a fine-silty, mixed, nonacid, 
mesic Aeric Fluvaquent) and Nodaway (a fine-silty, mixed, nonacid, mesic Mollic 
Udifluvent) silt loams.  
Six 12.14-ha plots, predominant in smooth bromegrass (Bromus inermis L. Leyss) 
and bisected by Willow Creek, were established in 2004 (Figure 1). Each pasture contained a 
141-m length of the stream. Three grazing treatments were assigned to the six pastures to 
provide two pastures in each grazing treatment. Treatments included continuous stocking 
with full access to the stream (CSU), and continuous stocking with restricted access to the 
stream (CSR) and rotational stocking (RS). In the two pastures with the (CSU) treatment, the 
cattle had complete and continuous access to the entire stream and all 12.14-ha of 
pastureland.  Cattle access to the stream in the pastures with continuous stocking and 
restricted access (CSR) was limited to a 4.8-m wide constructed crossing where the 
streambed and streambanks were stabilized with rubber webbing and gravel. A 33.5-m 
riparian buffer on either side of the stream was fenced to prevent access to the remaining 
stream length in these pastures.  Rotational grazing (RS) was implemented on the remaining 
two pastures. Each of these pastures was divided into five paddocks parallel to the stream 
with the stream in the middle (riparian) paddock.  The four upland paddocks were 2.6 ha 
each, and cattle were moved to a new paddock when 50% of forage was removed. The 
riparian paddock was slightly smaller at 1.6 ha and was stocked until the forage length met 
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10 cm or until a maximum of four days was reached. This rotation enables the vegetation to 
be given a resting and regrowth period.  For two years (2005,2006), each of the six pastures 
was stocked with 15 beef (Bos taurus) fall-calving cows from early May until late October. 
 To measure the effects of stocking management on sediment and phosphorus loading 
from streambank erosion, ten transects are equidistantly located along the length of the 
stream within each pasture.  In October, 2004 at each transect, erosion pins were placed up 
both sides of the bank, 1 m apart until the top of each bank was reached. In May of 2006, soil 
samples were collected by soil horizon at five transects in each pasture and analyzed for bulk 
density (Blake and Hartge, 1986), total P ( McGrath and Cunliffe, 1985), Mehlich III 
extractable P (Mehlich,1984), and water-extractable P (Self-Davis et al., 2000).  The 
contribution of streambank erosion to the sediment and P load in the stream was calculated 
from period measurements of the length of exposed pins. Bulk density and P concentrations 
measured in the streambank soils made estimating the soil and P loss from the streambanks 
possible.   
Initial Soil Analysis 
 Soil samples were collected in the fall of 2004 from each pasture to determine initial 
surface and subsurface total P concentrations. Samples were collected with a 5-cm diameter 
Giddings hydraulic probe to a 3-m depth and divided into soil horizons. Because these were 
floodplain soils that were poorly developed, most locations had only A and C horizons 
present.  One to three core samples were collected on each side of the stream in each of the 
six pastures.  All samples were sieved to <2-mm particle size and stored moist prior to 
analysis.  Total P in the samples was determined by first digesting the samples in 
concentrated hydrochloric (HCl) and nitric acid (HNO3), the aqua regia method (McGrath 
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and Cunliffe, 1985), which were analyzed for P with the colorimetric method of Murphy and 
Riley (1962).   
Stream Stage Data 
 Stream stage were monitored throughout the grazing season of both years. Pressure 
sensors were placed at the project’s farthest upstream point and downstream point. These 
pressure sensors (GE Druck Inc, New Fairfield, CT) measured water stage or height of the 
water in the creek.  A measurement was taken every 15 minutes and daily high and low 
stages were recorded on Campbell CR-10 and CR-510 data loggers. Data from the data 
loggers were collected weekly.   
Water Analysis 
 Grab samples of stream water were taken immediately upstream and downstream 
from the project site in early spring of 2006 in the middle of the stream at low flow to 
determine the initial level of P in the stream before cattle are introduced. Water samples were 
digested using an alkaline persulfate solution (Patton and Kryskalla, 2003). Samples were 
then analyzed for total P (determined by a colorimetric method using UV-visible 
spectrophotometry), total N (determined by a colorimetric method using a flow injection 
analyzer) and dissolved carbon (determined by Pt-catalyzed, high-temperature combustion 
using a Shimadzu 5050 TOC analyzer).  
Erosion Pins 
 The erosion pins used in this project were made of fiberglass and were 1.6 cm in 
diameter and 84 cm in length. A larger pin than is usually used was selected for this project 
because of the activity of the stream and to prevent harm to cattle.  Fiberglass rods were used 
in the hopes that they would be more flexible than metal and therefore be less potentially 
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harmful to cattle.  Pins were placed in 10 transects in each pasture.  Transects are lines of 
pins placed 1 m apart and located in the streambanks on both sides of the stream. Transect 
placement was equidistant (12.8 m). Pin placement within a transect started 1 m up the bank 
from the water level and continued until the land was no longer considered streambank. The 
number of pins in each transect was not uniform because of the variance of bank height at 
transect locations along the stream.  The entire stream reach had 520 pins placed in the fall of 
2004.  A length of 6.4 cm was permitted to protrude from the ground surface and was 
painted. Measurements of exposed pin length were taken monthly from May to November of 
each year. If a pin was missing and erosion was the likely cause, a measurement of 63 cm 
was reported as eroded in accordance with Lawler’s (1993) procedure that indicated that 75% 
of the total pin length must be eroded to lose the pin.  In the event that a pin could not be 
located because of vegetation, the pin was not considered in the calculations for that month 
(Lawler et al., 1999).  The difference between sequential monthly pin length (PL) 
measurements was used to calculate net erosion and activity values.  Monthly mean net 
erosion represents the amount of erosion that occurred over the entire treatment replicate 
(taking into account the erosion or deposition that occurred at each pin within the replicate) 
and then dividing that estimate by the total number of pins in that replicate (x).  
 Monthly mean net erosion = ⎟⎟⎠
⎞
⎜⎜⎝
⎛ ∆∆∑
x
PLx).........1PL(  
The activity value represents the absolute value of erosion and deposition that 
occurred over a replicate (the sum of the absolute value of all ∆P) for a given month 
averaged for the number of pins in that replicate.  Activity indicates how active erosion 
Month 
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processes are on the bank face (Couper and Maddock, 2001). It was assumed that more 
erosion activity indicates a more unstable system  
Streambank Soil Analysis 
 Additional soil sampling was done in the spring of 2006 to characterize bank face 
material. To obtain the bulk density, total P, Mehlich III-extractable P, and water-extractable 
P required for estimation of sediment and P loss, small core samples (7.5 cm in length and 3 
cm in diameter)  were taken by horizon in five randomly chosen transects in each pasture. All 
samples (excluding bulk density samples) were sieved to <2-mm particle size and stored 
moist before analysis. Since the volume of the core sample was already known, bulk density 
(Blake and Hartge,1986) was determined by drying the sample and weighing it to determine 
the mass/volume ratio. Total P was determined using nitric acid (HNO3) and hydrochloric 
acid (HCl) (aqua regia) digestion (McGrath and Cunliffe, 1985).  Mehlich III-extractable P 
was determined using a combination of acetic acid (CH3COOH), ammonium nitrate 
(NH4NO3), nitric acid (HNO3), ammonium fluoride (NH4F), and ethylenediaminetetraacetic 
acid (EDTA) (Mehlich, 1984). Water-extractable P was used to estimate the fraction of P that 
is readily bioavailable (Self-Davis et al., 2000). Phosphorus concentrations in the aqua regia 
and water extracts were determined colorimetrically by the Murphy-Riley method (Murphy 
and Riley, 1962).  Phosphorus and other element concentrations in the Mehlich III extracts 
were determined using inductively coupled plasma spectrometry. From the Mehlich III 
calcium and P concentrations found, a degree of P saturation was calculated using the 
procedure (Psat = PM3(CaM3)-1) outlined by Kleinman and Sharpley (2002). 
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Streambank Phosphorus Losses 
 Potential P loss from the streambank was calculated by multiplying the area of the 
streambank, the mean net erosion, the bulk density, and P concentration of streambank 
material.  
 area (cm2) ×  mean net erosion (cm) ×  bulk density (g cm-3) = g soil 
loss P potential mg 
soil kg
P mg soil kg =×  
Samples had been collected by horizon, making estimation of separate horizon volumes 
necessary.  This estimation was accomplished by measuring the thickness of A horizons in 
exposed surfaces in the streambanks.  The C horizon was then assumed to be any height of 
the streambank remaining. Even though some erosion that occurred in the C horizon may 
have been originally A-horizon material (due to sloughing), it was assumed that any C-
horizon erosion that occurred was C-horizon material.  This method gave the most 
conservative estimate of P loss from the streambank.  Horizon mean erosion was then 
estimated.  The product of mean net erosion and area produced a volume of soil loss for the 
horizon.  This calculation coupled with bulk density yielded an estimate of soil mass lost 
from the streambank.  Total P and water-extractable P concentrations (in mg kg-1) were used 
to estimate how much P was lost from the streambank. Total P values were used to estimate 
the amount of P that could be used as a long-term source for aquatic life. Water-extractable P 
values were used to estimate the amount that would be bioavailable immediately upon 
entering the water. 
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 An estimate of P flux was also calculated.  Flux refers to the movement of P based on 
soil erosion or deposition.  In this instance, instead of using a net erosion, the soil movement 
around each erosion pin was recorded as its absolute value. The activity values serve as an 
indication of the stability of the bank. Since unstable banks often lose soil and P during rain 
events, this is another index of potential P loss.    
Statistical Analysis 
 Treatment effects on erosion were evaluated with the general linear model (GLM) 
procedure (SAS, 1999). Soils data were analyzed with the mixed model procedure in SAS 
(SAS, 1999).   
Results and Discussion 
Streambank Phosphorus Characteristics  
The phosphorus level in streambank soils varied greatly between the two horizons; 
however, within each horizon the variance was not significant and P levels were not found to 
vary significantly among treatments for any of the analyses.  Total P values ranged from 346 
to 223 mg kg –1 in the A horizon and 235 to 184 mg kg –1 in the C horizon (Figure 2).  These 
values are thought to be low for Iowa soils in crop production, but this may be due to the fact 
that this land has been pastureland for much of the recent history (Allen et al., 2006).  Water-
extractable P was found to vary minimally throughout pastures and horizons, with the A-
horizon values ranging from 2.2 to 0.6 mg kg –1 and the C-horizon values ranging from 1.2 to 
0.7 mg kg –1 (Figure 3).   
Phosphorus saturation data indicated that these soils would be capable of adsorbing 
much more P than was present in a readily extractable form.  The P saturation percentages 
for the A horizon varied from 5 to 2% whereas the C horizon was found to be 2% in all 
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treatment replications (Figure 4). Mehlich III P values ranged from 78 to 27 mg kg –1 in the A 
horizon and 43 to 21 mg kg –1 in the C horizon (Figure 5).  The values exceed those 
considered to be optimum for row-crop production in Iowa (21-30 mg kg –1) (Sawyer et al., 
2002). 
  Grazing Effects on Erosion 
 Grazing effects on erosion varied greatly during the two years of this study (Table 1). 
Of the twelve months when measurements were taken, significant differences among 
treatments occurred only in four months. This trend could result from natural processes 
taking precedence, cattle behavior changing from year to year, rainfall variation from year to 
year (2005 had a higher precipitation accumulation; Figure 6), or perhaps the short period of 
time during which the treatments have been in place.  These are questions that may be 
answered in the following years of this study.  
Net erosion data are not consistent with a study done by Trimble (1994), which 
showed unrestricted grazing resulted in a six-fold increase in erosion. Although there are 
months showing significant differences among treatments (p<0.05), no trend was 
discernable. This indicates cattle grazing management had little effect on streambank 
erosion. 
There were treatment differences in erosion/deposition activity during the two years 
of the study (Table 1). In the cases where a significant difference (p<0.05) is present among 
treatments, the continuous stocking with unrestricted access treatment (CSU) has the highest 
value. This trend indicates a higher amount of instability in that treatment that in the other 
treatments. The data also suggest that 2005 was a more active year than 2006, although 
yearly activity was not statistically analyzed.  This outcome was expected considering that 
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there was more rainfall in the 2005 grazing season (Figure 6).  The relationship of monthly 
erosion/deposition activity to both monthly precipitation and mean monthly stream stage was 
evaluated, but no strong correlation was found in either case (see Appendix 5).  
Potential Phosphorus Loss from Streambank 
Phosphorus in eroding streambank soil from each pasture was determined for both 
2005 and 2006 grazing seasons. Net potential total P loss indicates the potential amount of 
phosphorus that could enter the stream, not taking into account the form of P.  According to 
Sharpley (1995), particulate P can provide a long-term source of P for aquatic life, therefore 
estimating the total P that could enter the water with sediment makes useful comparison 
possible.  This estimate is an index of the long-term potential impact on water quality. But 
perhaps a more useful index for determining the quantity of P that is bioavailable when the 
soil enters the stream is the potential net loss of water-extractable P.  Net loss of water-
extractable P is an estimate of the amount of P that will be immediately available upon 
entering the water. The calculated flux of total P and water-extractable P during the grazing 
season is a sum of the total P or water-extractable P that was either lost or gained on these 
streambanks.  This estimates the dynamics of P in the system. Soil material that is being 
shifted by erosion and deposition processes is unstable and likely to be lost in the future.  
Although these data were not statistically analyzed, there were clear trends (Table 2). 
All the calculations of net potential loss or flux of either water-extractable or total P during 
the two years suggested that the CSU grazing treatment both lost and shifted the largest 
quantities of P (Table 2).  These estimates also suggested that the CSR grazing treatment lost 
less than both the RS and CSU grazing treatments. It was expected that the pastures with 
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limited cattle access would lose less soil P than those pastures with cattle access to all 
sections of bank.    
Water Analysis 
Grab samples of stream water were analyzed for total P, total N, and dissolved 
organic carbon (DOC).  These samples were collected to document the base nutrient levels in 
the stream at low flow. The samples contained 3.3 mg L-1 DOC, 6.6 mg L-1 total N, and 
<0.05 mg L-1 total P. The P value is similar to those concentrations reported by Zaimes 
(2004) for streams flowing through continuously grazed land in Iowa. The investigation into 
water nutrient levels will continue in future years of this project.   
Summary 
 
 After two years of a five-year study, the hypothesis that grazing management would 
not significantly affect the erosion that occurred from the streambank was accepted for most 
months. Trends in potential net P loss from and flux along the streambanks suggested that 
pastures with the continuous stocking with unlimited stream access grazing treatment (CSU) 
were losing and shifting more P than either of the other two treatments. However, it seems 
natural processes are dominating streambank erosion on this site.  
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Figures and Tables 
Figure 1. The Rhodes Farm in Marshall County, Iowa.  Different colored fence lines 
indicate different treatments.  The rotational treatment is outlined in yellow, the 
unrestricted continuous stocking treatment is outlined in blue, and the restricted 
continuous stocking treatment is outlined in red.  The light green area indicates all land 
within 33.5 m from the streambank and the dark green indicates area that lies from 
33.5 m to 67 m from the streambank.  The rest of the pasture is considered upland.     
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 Figure 2. Mean total P concentrations in soil collected from pastures subjected to three 
grazing management systems. Bars indicate standard deviations about means. 
Treatments are continuous stocking with unrestricted stream access, continuous 
stocking with restricted stream access, and rotational stocking.  
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Figure 3. Mean water-extractable P concentrations in soil collected from pastures 
subjected to three grazing management systems. Bars indicate standard deviations 
about means. Treatments are continuous stocking with unrestricted stream access, 
continuous stocking with restricted stream access, and rotational stocking. 
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Figure 4. Mean P saturation (%) in soil collected from pastures subjected to three 
grazing management systems. Bars indicate standard deviations about means. 
Treatments are continuous stocking with unrestricted stream access, continuous 
stocking with restricted stream access, and rotational stocking. 
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Figure 5. Mean Mehlich III P concentrations in soil collected from pastures subjected to 
three grazing management systems. Bars indicate standard deviations about means. 
Treatments are continuous stocking with unrestricted stream access, continuous 
stocking with restricted stream access, and rotational stocking. 
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Figure 6. Change in stream stage and measured precipitation from May 2005 to 
September 2006. Bar graph represents precipitation events over both grazing seasons.  
Line graph represents daily high and low stage values for both grazing seasons. 
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Table 1.  Least squares means of net erosion and erosion/deposition activity in pastures with different grazing 
management (2005, 2006)†. Within a column, differences among means with different letters are significant, p < 0.05. 
 
 Grazing Season 
2005  2006 Grazing 
management Jun Jul Aug Sept Oct Nov May Jun July Aug Sept Oct Nov 
 Net Erosion, cm 
Continuous w/ 
unrestricted 
access 
-1.6a -5.0a -0.1a -2.6a 2.2a‡ 0.6ab‡ -1.5a 0.0a -0.3a 0.0a -0.7a 0.1ab‡ 0.8a‡ 
 
Continuous w/ 
restricted access 
-2.8a -0.5a -0.5a -0.5b 0.2ab‡ 1.0a‡ -1.9a 0.6a -0.4a 0.0a -0.3a‡ 0.5a‡ 0.1a‡ 
Rotational stocking -4.4a -4.0a -0.8a -0.5b -0.7b 0.6b‡ -2.6a -0.3a -0.1a -0.1a -0.4a‡ -0.1b 0.4a‡ 
 Erosion/Deposition Activity, cm* 
Continuous w/ 
unrestricted 
access 
3.9a 6.7a 2.1a 4.3a 3.8a 1.3a 2.5a 2.6a 1.6a 1.8a 2.0a 1.9a 1.4a 
Continuous w/ 
restricted access 
3.7a 3.7a 1.5a 1.3b 1.2c 1.5a 2.9a 1.8a 1.0b 1.6a 1.4a 1.4ab 1.2a 
Rotational stocking 6.6a 7.1a 1.7a 1.5b 2.3b 1.3a 3.7a 1.6b 1.3ab 1.3a 2.0a 1.3b 1.2a 
†Analyzed by a general linear model. 
‡Positive values represent soil deposition. 
*Determined from the absolute values of changes in erosion pin lengths.
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Table 2. Potential phosphorus loss and phosphorus flux with different grazing 
management (2005, 2006) †  
†These values represent a mean of two replications, each of which were12-ha pastures with 
141 m of the stream bisecting the pasture.  
‡Flux refers to the sum of the absolute values of all soil movement (erosion and deposition) at 
a given pin. 
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Potential net loss of water-extractable 
P over grazing season 
Potential net loss of total P over 
grazing season 
 
2005 2006 2005 2006 
Grazing 
Management 
---------------------mg/m2--------------------- ---------------------g/m2------------------- 
Continuous w/ 
unrestricted access 
106 7 24.2 1.9 
Continuous w/ 
restricted access 
25 0 6.9 0.0 
Rotational stocking 86 1 16.7 0.4 
Flux of water-extractable P over the 
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2005 2006 2005 2006 
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Chapter 4: General Conclusions 
Grazing management has been shown to influence both sediment and phosphorus (P) 
loss to streams (Trimble, 1994; Haan et al., 2006).  These two nonpoint-source pollutants are 
responsible for water quality degradation in surface waters within the United States. 
Lowering inputs of sediment and P has great potential for improving water quality.   
Grazing system management in riparian areas could influence the sediment and P 
input from eroding streambank soils.  It is widely thought that limiting or eliminating cattle 
access to the stream will greatly reduce erosion that is occurring from the streambank 
(Trimble, 1994).  
The purpose of this study was to compare the effect of different cattle grazing 
systems on streambank erosion. We focused on rotational grazing, continuous grazing with 
full stream access, and continuous grazing with limited stream access.     
Soil bulk density, total P, Mehlich III P, P saturation, and water-extractable P, did not 
vary significantly among the pastures of this study. These soil properties were used to 
estimate the amount of P that might enter the stream from pastures under different types of 
grazing management.   
There was little variation in erosion among rotational, full stream access, and limited 
stream access treatments.  The small differences found in streambank erosion among 
treatments may be due to several factors, including year to year variation in animal behavior 
and precipitation. These data were collected only two years after establishment of treatments.  
This period may not have been long enough to make a change in natural processes or past 
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management effects that are already occurring on the stream.  Natural processes may be 
controlling erosion at the study site.  
 The impact of grazing treatments on erosion/deposition activity was statistically 
significant in only five of the 12 months of this study.  However, the continuous stocking 
with full stream access treatment consistently had more erosion/deposition activity than 
either the rotational stocking or the continuous stocking with limited stream access 
treatments. This indicated greater bank instability. Although in the two years of this study 
there was little statistical evidence that grazing management consistently affected soil erosion 
or potential P loss from the streambanks, further monitoring of erosion and deposition at the 
site is warranted.  Treatment effects may require more than two years to be statistically 
differentiated.     
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Appendix 1: Suggestions for Future Research 
 In retrospect, many things could have been done differently.  First, it is noted that 
stage and precipitation data were collected in the field.  However, these data were collected 
from May to October.  Since the two years had such different precipitation patterns, 
precipitation data would have been a good parameter to include in SAS when analyzing the 
two years in a repeated measures program.  Since the erosion pin data were collected from 
May to November for both years, these precipitation data were not available to be included 
because they did not cover the entire grazing season of pin measurements.  
 When analyzing the effects the potential P loss had on water quality, it would have 
been advantageous to have been collecting water samples and stream flow data from the 
beginning of the project through each grazing season to quantify the P in the water.  This 
sampling would also allow insight into how much of the P flux that was monitored on the 
streambank was entering the stream.   
 LIDAR may become a useful tool in estimating erosion.  However, since only one 
year of LIDAR data were available due to technical difficulties, it was not possible to 
conduct a comparison of erosion pin estimates vs. LIDAR estimates.  Perhaps in the future, a 
LIDAR measurement should be taken on-site one full year before research starts.  If this were 
done, a year of natural processes would have been observed and this could have been useful 
when estimating how much influence the cattle actually have on erosive processes. 
 The first year of this study, all the pins in the field were kept at a uniform length 
every month.  In other words, they would be replaced if they were not at the same height as 
all the others.  I thought this necessary to ensure there was no bias in reading measurements 
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and no difference in the effect the pin has on erosion processes.  However, in reality, this was 
too much disturbance to the system.  They should have simply been placed in the field and 
the outcome observed, with very little interference.  
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Appendix 2: Initial Soil Core Data 
A Giddings probe was used to carry out deep core sampling in November of 2004.  
These 3.7 m samples were taken at 2-5 locations in each pasture.  The location of the 
sampling was next to the streambank, with two sampling points on the south side of the 
stream, and two sampling points on the north side of the stream (where possible). These 
samples were then divided into A and C horizons and analyzed for total P.  
 
Figure A2-1. Total P concentrations of deep core sampling in October, 2004. Bars 
indicate standard deviations of means. Treatments are continuous stocking with 
unrestricted stream access, continuous stocking with restricted stream access, and 
rotational stocking. 
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2004 Fall Sample Data 
All samples were collected Nov 23rd, 2004 using a Giddings probe to collect 3.7 m. 
samples (where possible). These samples were taken on the floodplain near the streambank. 
Samples for all P analyses were air-dried and sieved to < 2-mm and ground before analysis. 
Table A2-1. Raw data of deep core sampling collected November, 2004. 
Pasture- Site-
Horizon  Moisture pH Total P  
 %  mg kg-1 
1A-A 39 7.3 1062 
1A-C 13 7.3 179 
1B-A 20 7.5 343 
1B-C 13 7.9 205 
1C-A 22 7.4 374 
1C-C 24 7.3 242 
1D-A 21 6.8 325 
1D-C 19 7.2 190 
1E-A 26 7.1 468 
1E-C 19 7.5 312 
    
2A-A 16 7.3 241 
2A-C 14 7.6 174 
2B-A 20 7.3 346 
2B-C 13 7.9 242 
2C-A 21 7.1 314 
2C-C 17 7.0 208 
2D-A 19 4.8 424 
2D-C 11 7.2 217 
    
3A-A 30 6.1 641 
3A-C 18 6.8 187 
3B-A 22 6.3 468 
3B-C 14 6.5 255 
3C-A 20 6.7 335 
3C-C 15 7.1 258 
3D-A 23 6.4 379 
3D-C 20 7.3 300 
    
4A-A 23 5.9 382 
4A-C 19 6.0 269 
4B-A 24 6.8 294 
4B-C 17 7.1 197 
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4C-A 21 6.9 366 
4C-C 13 7.6 223 
    
5A-A 23 7.3 354 
5A-C 14 7.5 197 
5B-A 26 5.6 361 
5B-C 19 6.2 241 
    
6A-A 18 6.9 275 
6A-C 9 7.8 176 
6B-A 14 7.2 226 
6B-C 14 8.0 263 
6C-A 22 6.3 360 
6C-C 16 6.9 225 
6D-A 22 6.0 425 
6D-C 18 7.4 229 
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Appendix 3: Streambank Soil Data 
2006 Spring Sample Data 
 
All samples were collected May 10th, 2006, at five sites within each pasture. Horizons 
A and C were sampled separately.  
Table A3-1. Raw data of streambank material samples collected May, 2006. 
Pasture-Site-
Horizon Bulk Density Total P  Mehlich III P  P Saturation Water-extractable P  
 Mg m-3 mg kg-1  mg kg-1  (%)  mg kg-1  
1A-A 1.3 333 72 4 2.1 
1A-C 1.5 273 57 3 1.7 
1B-A 1.3 365 29 1 0.9 
1B-C 1.4 264 43 2 1.0 
1C-A 1.3 437 118 5 3.2 
1C-C 1.2 204 39 3 1.4 
1D-A 1.2 287 50 3 1.7 
1D-C 1.4 204 32 2 0.9 
1E-A 1.2 311 71 4 3.3 
1E-C 1.2 215 43 3 1.5 
      
2A-A 1.6 242 39 3 1.3 
2A-C 1.4 200 24 2 0.7 
2B-A 1.5 263 10 1 0.2 
2B-C 1.3 210 10 1 0.4 
2C-A 1.4 431 91 4 2.5 
2C-C 1.6 234 30 3 1.1 
2D-A 1.3 158 24 6 1.4 
2D-C 1.6 316 62 3 1.0 
2E-A 1.4 265 32 3 0.7 
2E-C 1.5 201 37 3 0.5 
      
3A-A 1.5 264 10 1 0.4 
3A-C 1.6 84 7 3 0.7 
3B-A 1.3 373 63 3 1.8 
3B-C 1.0 178 36 3 0.6 
3C-A 1.3 296 33 3 1.0 
3C-C 1.4 248 21 2 0.5 
3D-A 1.6 232 26 2 0.4 
3D-C 1.5 216 43 2 0.9 
3E-A 1.3 330 46 3 0.9 
3E-C 1.5 246 39 3 0.9 
      
4A-A 1.4 195 7 0 0.6 
4A-C 1.5 205 19 1 0.7 
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4B-A 1.2 380 23 1 0.5 
4B-C 1.3 154 16 1 0.5 
4C-A 1.5 265 16 1 0.4 
4C-C 1.5 144 19 2 0.8 
4D-A 1.5 351 56 4 1.3 
4D-C 1.5 234 28 2 1.5 
4E-A 1.2 334 32 2 0.4 
4E-C 1.7 186 25 3 0.7 
      
5A-A 1.5 442 131 5 3.1 
5A-C 1.7 224 29 2 0.6 
5B-A 1.5 381 99 7 4.1 
5B-C 1.3 301 51 1 1.6 
5C-A 1.8 195 19 1 0.5 
5C-C 1.6 201 30 2 1.1 
5D-A 1.7 441 85 5 1.6 
5D-C 1.6 193 31 2 0.8 
5E-A 1.6 261 57 5 1.6 
5E-C 1.7 221 34 2 1.1 
      
6A-A 1.4 224 54 5 1.7 
6A-C 1.4 266 40 2 0.5 
6B-A 1.5 232 49 3 1.0 
6B-C 1.3 223 42 2 0.8 
6C-A 1.6 189 47 3 1.4 
6C-C 1.5 252 42 2 0.8 
6D-A 1.4 218 47 3 0.6 
6D-C 1.6 207 43 3 0.7 
6E-A 1.6 255 31 2 0.8 
6E-C 1.5 230 23 1 0.7 
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Appendix 4: LIDAR Results 
 
LIDAR Analysis 
Terrestrial LIDAR or Light Detection and Ranging is basically laser scanning. It has 
many uses, some of which are estimation of earthquake damage, detection of change in 
landslide terrains, and coastal cliff erosion.  The unit is able to estimate surface 
characteristics or quantify loss and gains from surfaces. The basic measurement made by a 
LIDAR device is the distance between the sensor and a target surface. Light waves, sent out 
in a grid formation, are reflected off a surface and are received by the receptor.  This creates 
a 3D image of the surface.  Two images taken of the same surface at different times in the 
year can be compared in order to estimate a volume lost or eroded from the streambank.  
LIDAR scans were taken in the fall and spring of each year; however, the first two years of 
LIDAR information were unusable because of operating error.  Seven eroding surfaces were 
chosen to evaluate the utility of LIDAR in this project. One site was chosen in each of the six 
pastures on the basis of high erosion activity.  One pasture has two LIDAR sites because it 
includes a very active cut bank that contains two transect of erosion pins. This is useful in 
gathering information comparing the accuracy of  LIDAR to erosion pins when monitoring 
erosion on a streambank.    
The laser scanning device used in this project is the Leica HDS3000.  This tripod-
mounted instrument has high accuracy capability (<6 mm at 50 m). At each location, the 
instrument is placed over a known survey point. The light waves were dispatched on a grid of 
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2.5 cm horizontally and 1.3 cm vertically at a distance of 50 meters. The spacing increased or 
decreased proportionally as the distance between the surface and the scanner changed.  
LIDAR and erosion pins 
Each of the seven LIDAR locations were scanned in April of 2006 and then again in 
November of 2006.  The LIDAR data suggest that deposition was the dominating activity in 
each of the sites over the grazing season (Figures A4-1). In the 3D model of the scanned area 
(Figure A4-1), yellow surface represents area of deposition while the blue surface represents 
erosion or no change.  Soil gains range from 1 m3/m of stream to .01 m3/m of stream, both 
values being in the CSU grazing treatment pasture.  Erosion pin data suggested that no 
deposition trend exists.  However, this difference between the two methods is to be expected 
due to the different scales of the two analyses.  LIDAR scan data were collected at only one 
active area of each pasture, whereas erosion pins were placed in both active and inactive 
sites.  More data are needed to compare the two methods of erosion monitoring.  
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LIDAR models of streambank erosion/deposition 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A4-1. Lidar scan meshes of April 2006 and November 2006 scans. Blue surfaces 
indicate areas where erosion or no change occurred from April 2006 to November 2006.  
Yellow surfaces indicate depositional areas. 
 
 
 
 
Pasture 1. RS Treatment. 
Deposition of .26 m3/m stream 
 
Pasture 4. RS Treatment. 
Deposition of .61 m3/m stream 
Pasture 3. CSR Treatment. 
Deposition of .47 m3/m stream 
Pasture 2. CSU Treatment. 
Deposition of .26 m3/m stream 
 
 
 
52
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A4-1 (continued).  
Pasture 5. CSU Treatment. 
Deposition of 1 m3/m stream 
Pasture 5 Cut Bank.  CSU Treatment. 
Deposition of .01 m3/m stream 
Pasture 6. CSR Treatment. 
Deposition of .29 m3/m stream 
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Appendix 5: Relationship of Stream Stage and Precipitation to 
Erosion/Deposition Activity 
 
Both the stream stage data and precipitation data collected were paired with the 
erosion/deposition activity data to investigate any potential relationships. The precipitation 
data (Figure A5-1) are cumulative monthly rainfall values. The stream stage data are a mean 
stage height, calculated from data collected every 15 minutes  (Figure A5-2). For none of the 
treatments were the cumulative monthly precipitation and activity values well correlated.  
The regression of precipitation data and erosion/deposition activity shows r2=0.1; (p=0.526) 
for the CSU treatment, r2=0.4; (p=0.054) for the CSR treatment, and r2=0.4; (p=0.081) for the 
RS treatment (Figure A5-1). However, a trend is suggested in the correlation of mean 
monthly stream stage with activity. The regression of stream stage data and 
erosion/deposition activity shows r2 =0.54; (p=0.006) for the CSU treatment, r2=0.83; 
(p=0.00003) for the CSR treatment, and r2=0.86; (p=0.00001) for the RS treatment (Figure 
A5-2). However, the clustering of the mean monthly stream stage data in two groups (5-15 
cm and 25-30 cm) may have produced misleading r2 values.  Further analyses of these data 
(and collection of more data) are warranted.  
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 Figure A5-1. Cumulative monthly 
precipitation vs. erosion/deposition activity. 
Figure A5-2. Mean monthly stream stage vs. 
erosion/deposition activity. 
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